PATENT APPLICATION 
ATTORNEY DOCKET NO. 02008/126001 



APPLICATION 
FOR 

UNITED STATES LETTERS PATENT 



TITLE: VEHICULAR LAMP 

APPLICANTS: Masayasu ITO and Hitoshi TAKEDA 



"EXPRESS MAIL" Mailing Label Number. F.L 974017113 US 
Date of Deposit: October 2. 2003 



22511 

Patent Trademark Office 



1 



VEHICULAR LAMP 

[0001] This patent application claims priority from a 

Japanese patent application No. 2002-295484 filed on October 
8, 2002^ the contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates generally to a 

vehicular lamp for use in a vehicle. 

Description of the Related Art 

[0003] Conventionally, a lamp such as a taillight and a 

stop lamp, is used in a vehicle such as an automobile. In the 
lamp are provided a light source connected in series with a power 
supply, and a resistor, connected in series between the light 
source and power supply, for defining a current to be supplied 
to the light source. Moreover, a plurality of light sources 
may be provided in parallel in order to emit light having 
sufficient light amount. In this case, for each light source, 
a resistor for defining a current to be supplied to the light 
source is provided as disclosed, for example, in Japanese Patent 
Application Laid-Open No. 2001-215913, page 4 and Fig. 8. 
[0004] In addition, the lamp serves as a plurality of types 

of lamp that are different in the amount of emitted light, such 
as the taillight and stop lamp . Thus , resistors having different 
resistance values are provided for the respective light sources 
and it is switched which resistor is used for supplying a current 
to the corresponding light source, thereby switching the amount 
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of the emitted light of the light source as disclosed in Japanese 
Utility-Model Publication No. 61-48836, page 1, for example. 
[0005] However, the conventional lamp requires a plurality 

of resistors for the respective light sources as described above 
and it is also necessary to provide wirings for connecting the 
resistors and the power source and the associated light sources, 
respectively. Thus, the fabrication cost increases . Moreover, 
in a case where the number of the light sources connected in 
parallel is increased, it is necessary to increase the resistors 
and wirings that respectively correspond to the light sources, 
too. This leads to further increase of the fabrication cost. 
[0006] In addition, it is necessary to form a lighting 

circuit for lighting a light source unit in accordance with the 
number of light sources connected in parallel in the light source 
unit including a plurality of light sources. That is, when the 
number of parallel light sources in the light source unit is 
changed, a different lighting circuit should be used. Thus, 
the lighting circuit has low versatility. 



SUMMARY OF THE INVENTION 



[0007] Therefore, it is an object of the present invention 

to provide a vehicular lamp, which is capable of overcoming the 
above drawbacks accompanying the conventional art. The above 
and other objects can be achieved by combinations described in 
the independent claims. The dependent claims define further 
advantageous and exemplary combinations of the present 
invention . 

[0008] According to the first aspect of the present 

invention, a vehicular lamp used in a vehicle, comprises: alight 
source operable to emit light in accordance with a voltage given 
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thereto; a light-source controlling transistor operable to 
control power supplied to the light source by repeatedly 
switching whether or not the power is supplied to the light source; 
a capacitor, having one end grounded and another end at which 
a potential is changed like a saw-tooth by charging and 
discharging of the capacitor; a capacitor controlling transistor 
operable to control a timing at which the charging and discharging 
of the capacitor is switched; and a comparator operable to compare 
the potential at the other end of the capacitor to a reference 
voltage given thereto and to control a timing at which the 
light-source controlling transistor is turned on or off and a 
timing at which the capacitor controlling transistor is turned 
on or off in synchronization based on a result of comparison. 
[0009] The light-source controlling transistor and the 

capacitor controlling transistor may be MOS transistors or 
transistors having base resistors, a gate terminal of the 
light-source controlling transistor and a gate terminal of the 
capacitor controlling transistor, or the base resistors of the 
light-source controlling transistor and the capacitor 
controlling transistor may be electrically connected, a source 
terminal of the light-source controlling transistor and a source 
terminal of the capacitor controlling transistor may be 
electrically connected, and the capacitor controlling 
transistor may allow a drain current smaller than that of the 
light-source controlling transistor to flow. 

[0010] The comparator may include : a comparison transistor 

operable to receive the potential at the other endof the capacitor 
at its base terminal, receive the reference potential at its 
emitter terminal and control the timing at which the light-source 
controlling transistor is turned on or off and the timing at 
which the capacitor controlling transistor is turned on or off 
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based on whether or not a potential difference between the 
potential at the other end of the capacitor and the reference 
potential is larger than a predetermined threshold; a 
reference-value transistor, electrically connected to a 
collector terminal of the comparison transistor at its base 
terminal, operable to supply the reference potential to the 
emitter terminal of the comparison transistor, the reference 
potential being different between a state where the comparison 
transistor is on and a state where the comparison transistor 
is off; a first reference resistor having one end to which a 
predetermined application voltage is applied and another end 
electrically connected to the collector terminal of the 
comparison transistor; and a second reference resistor having 
one end to which the predetermined application voltage is applied 
and another end electrically connected to a collector terminal 
of the reference-value transistor, the gate terminal or base 
resistor of the light-source controlling transistor and the gate 
terminal or base resistor of the capacitor controlling transistor , 
the reference resistor having a smaller resistance value than 
that of the first reference resistor. 

[0011] The vehicular lamp may serve as a taillight of the 

vehicle and a stop lamp that emits brighter light than the 
taillight, and may further comprise a mode switching unit 
operable to switch a taillight mode in which the light-source 
controlling transistor is made to control the power supplied 
to the light source to make the vehicular lamp serve as the 
taillight and a stop lamp mode in which the light-source 
controlling transistor is not allowed to control the power 
supplied to the light source to make the vehicular lamp serve 
as the stop lamp, and the mode switching unit may apply a 
discharge-suppressing voltage to the other end of the capacitor 
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to suppress the discharging of the capacitor in the stop lamp 
mode, to keep the light-source controlling transistor on. 
[0012] Themode switching unit may supply a supplied voltage 

in accordance with an input voltage given thereto to the light 
source, and the mode switching unit may further include a 
protection circuit operable to make the capacitor generate a 
saw-tooth wave to control the power supplied to the light source, 
when the mode switching unit received the input voltage higher 
than the predetermined voltage in the stop lamp mode. 
[0013] The summary of the invention does not necessarily 

describe all necessary features of the present invention. The 
present invention may also be a sub-combination of the features 
described above. The above and other features and advantages 
of the present invention will become more apparent from the 
following description of the embodiments taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Fig. 1 shows an exemplary structure of a vehicular 

lamp 10 according to the present invention. 

[0015] Figs. 2A and 2B show exemplary operations of the 

vehicular lamp 10 described referring to Fig. 1 in a case where 
the vehicular lamp 10 serves as a taillight; Fig. 2A shows an 
example when a power supply 200 generates a voltage of 13 V as 
a power-supply voltage; and Fig. 23 shows an example when the 
power supply 200 generates a voltage of 18 V as the power-supply 
voltage . 

[0016] Fig. 3 shows another exemplary structure of the 

vehicular lamp 10 according to the present invention. 
[0017] Figs. 4A and 4B show exemplary operations of the 



6 



vehicular lamp 10 described referring to Fig. 3 in a case where 
the vehicular lamp 10 serves as a stop lamp; Fig. 4A shows an 
example when the power supply 200 generates a voltage of 13 V 
as a standard power-supply voltage; and Fig. 4B shows an example 
when the power supply 200 generates a voltage of 18 V as the 
standard power-supply voltage. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] The invention will now be described based on the 

preferred embodiments, which do not intend to limit the scope 
of the present invention, but exemplify the invention. All. of 
the features and the combinations thereof described in the 
embodiment are not necessarily essential to the invention. 
[0019] Fig. 1 shows an exemplary structure of a vehicular 

lamp 10 according to an embodiment of the present invention. 
The vehicular lamp 10 serves as a taillight of a car or the like, 
and a stop lamp that emits light brighter than the taillight. 
First, an operation of the vehicular lamp 10 is generally 
described. The vehicular lamp 10 includes a mode switching unit 
40, a saw-tooth wave generation unit 50, a comparison unit 70, 
a light source unit 30, a circuit resistor 114, a light-source 
resistor 116, a Zener diode 112, a capacitor controlling 
transistor 56 and a light-source controlling transistor 110. 
[0020] The light source unit 30 includes a plurality of 

light sources 32 and emits light in accordance with power given 
thereto. A plurality of light sources 32 may be provided in 
series or in parallel. In this example, the light source 32 
is a light-emitting diode. 

[0021] The vehicular lamp 10 is connected to an external 

power supply 200 via switches 62 and 64. The switches 62 and 
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64 are provided between an external power supply 200 and the 
light source unit 30 and switch whether or not the vehicular 
lamp 10 is operated as the taillight or stop lamp. In this 
description, the external power supply 200 is a battery mounted 
on a vehicle. In a case where the vehicular lamp 10 serves as 
the taillight, the switch 62 is turned on and the switch 64 is 
turned off. In a case where the vehicular lamp 10 servers as 
the stop lamp, the switch 64 is turned on. For example, the 
switch 62 may be a lamp switch provided on the driver's side 
in the vehicle for lighting the taillight, while the switch 64 
may be a brake switch working with a brake pedal of the vehicle. 
[0022] The light-source controlling transistor 110 

controls power to be supplied to the light source unit 30 by 
repeatedly switching whether or not the power is supplied to 
the light source unit 30. In this example, the light-source 
controlling transistor 110 is a MOS transistor provided between 
the light source unit 30 and ground potential in series, and 
switches whether or not the power is supplied to the light source 
unit 30 by switching whether or not a current is allowed to flow 
from the light source unit 30 to the ground potential based on 
a voltage applied to a gate terminal of the light-source 
controlling transistor 100. 

[0023] The saw-tooth wave generation unit 50 generates a 

saw-tooth wave for controlling whether the light-source 
controlling transistor 110 is turned on or off. The saw-tooth 
wave generation unit 50 includes a capacitor 58 having one end 
that is grounded and the other end at which a potential is changed 
like a saw-tooth by charging and discharging of the capacitor 
58, so as to generate the saw-tooth wave by the potential at 
the other end of the capacitor 58 . The saw-tooth wave generation 
unit 50 includes a charging resistor 52, a charging/discharging 
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resistor 54 and the capacitor 58. 

[0024] The capacitor controlling transistor 56 controls 

a timing at which the charging and discharging of the capacitor 
58 is switched. Moreover, in this example, the capacitor 
controlling transistor 56 is a MOS transistor having a gate 
terminal electrically connected to a gate terminal of the 
light-source controlling transistor 110. Thus, the capacitor 
controlling transistor 56 and the light-source controlling 
transistor 110 are turned on and off in synchronization with 
each other. The capacitor controlling transistor 56 allows a 
drain current smaller than that of the light-source controlling 
transistor 110 to flow therein. 

[0025] The light-source controlling transistor 110 and the 

capacitor controlling transistor 56 may be bipolar transistors 
having base resistors. In this case, the base resistors of the 
transistors 110 and 56 are electrically connected. Moreover, 
the light-source controlling transistor 110 and the capacitor 
controlling transistor 56 further include resistors each 
electrically connecting a base terminal and an emitter terminal 
of the corresponding transistor electrically. Also in this 
structure, the vehicular lamp 10 performs a similar operation 
to that in a case of using the MOS transistor. 

[0026] The comparison unit 70 compares the potential at 

the other end of the capacitor 58 to a reference potential given 
to the comparison unit 70 so as co control the timing at which 
the light-source controlling transistor 110 and the capacitor 
controlling transistor 56 are turned on or off in synchronization 
with each other based on the comparison result . In other words, 
the comparison unit 70 supplies a potential based on the 
comparison result to the gate terminals of the light-source 
controlling transistor 110 and the capacitor controlling 
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transistor 56, The comparison unit 70 includes the first 
reference resistor 12, the second reference resistor 74, a base 
resistor 76, a common resistor 82, a comparison transistor 78 
and a reference-value transistor 80. 

[ 0027 ] The mode switching unit 4 0 switches a taillight mode 

in which the vehicular lamp 10 serves as the taillight and a 
stop-lamp mode in which the vehicular lamp 10 serves as the stop 
lamp based on which one of the switches 62 and 64 is on. The 
mode switching unit 40 makes the light-source controlling 
transistor 110 control the power to be supplied from the power 
supply 200 to the light source unit 30 in a case where the vehicular 
lamp 10 is operated as the taillight, but does not allow the 
light-source controlling transistor 110 to control the power 
to be supplied from the power supply 200 to the light source 
unit 30. The mode switching unit 40 includes a plurality of 
diodes 42, 44, 46, 66 and 68 and a resistor 48. 

[0028] Next, operations of respective components in a case 

where the vehicular lamp 10 is operated as the taillight, that 
is, a case where the switch 62 is on and the switch 64 is off, 
are described. The diode 42 receives a power-supply voltage 
generated by the power supply 200 via the switch 62 and supplies 
it to the light source unit 30 via the light-source resistor 
116. The diode 42 also applies that power-supply voltage to 
the circuit resistor 114 provided in parallel to the light source 
unit 30. 

[0029] The circuit resistor 114 is connected between the 

comparison unit 70 and saw-tooth wave generation unit 50 and 
the diode 42 in series. The Zener diode 112 is connected between 
the circuit resistor 114 and the ground potential in the reverse 
direction so as to be arranged in parallel to the comparison 
unit 70 and saw-tooth wave generation unit 50. That is, to the 
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comparison unit 70 and saw-tooth wave generation unit 50, a 
voltage defined by the Zener diode 112 is applied from the power 
supply 200 via the circuit resistor 114. In this manner, the 
comparison unit 70 and saw-tooth wave generation unit 50 can 

be operated irrespective of change of the power-supply voltage. 
That is, a threshold voltage of the Zener diode 112 in the reverse 
direction is lower than the power-supply voltage generated by 
the power supply 200, 

[0030] The charging/discharging resistor 54 of the 

saw-tooth wave generation unit 50 is connected to the other end 
of the capacitor 58 in series, while the charging resistor 52 
is connected between the charging/discharging resistor 54 and 
the circuit resistor 114 in series. Moreover, a point between 
the charging resistor 52 and the charging/discharging resistor 
54 is connected to a drain terminal of the capacitor controlling 
transistor 56. In a case where the capacitor controlling 
transistor 56 is off, the capacitor 58 is charged by the 
power-supply voltage via the circuit resistor 114, the charging 
resistor 52 and the charging/discharging resistor 54 . Moreover, 
a source terminal of the capacitor controlling transistor 56 
is connected to the ground potential and therefore the capacitor 
58 is discharged via the charging/discharging resistor 54 and 
the capacitor controlling transistor 58 in a case where the 
capacitor controlling transistor 58 is on. 

[0031] The comparison transistor 78 of the comparison unit 

70 receives the potential at the other end of the capacitor 58 
at its base terminal and a reference voltage at its emitter 
terminal, and controls the timing at which the light-source 
controlling transistor 110 and the capacitor controlling 
transistor 56 are turned on or off based on whether or not the 
potential difference between the potential at the other end of 
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the capacitor 58 and the reference voltage is larger than a 
predetermined threshold. That is, the comparison transistor 
78 switches turning-on and turning-off of the reference-value 
transistor 80 by going on or off so as to cause a collector 

potential of the reference-value transistor 80 to be changed, 
thereby controlling the timing at which the light-source 
controlling transistor 110 and the capacitor controlling 
transistor 56 are turned on or off. 

[0032] A collector terminal of the comparison transistor 

78 is connected to the circuit resistor 114 via the first reference 
resistor 12, while an emitter terminal thereof is connected to 
the ground potential via the common resistor 82. The first 
reference resistor 72 has one end to which a predetermined 
application voltage is applied and the other end electrically 
connected to the emitter terminal of the comparison transistor 
78. Please note that the predetermined application voltage is 
a voltage defined by the Zener diode 112. 

[0033] The comparison transistor 78 is turned on in a case 

where the potential difference between the potential at one end 
of the capacitor 58 that has been charged and the reference voltage 
applied to the emitter terminal exceeds a threshold of the 
comparison transistor 78, thereby allowing a current from the 
power supply 200 to flow to the ground potential via the circuit 
resistor 114, the first reference resistor 72 and the common 
resistor 82. In this case, a base potential of the 
reference-value transistor 80 becomes lower and therefore the 
reference-value transistor 80 is turned off. In this 
description, the reference potential supplied to the comparison 
transistor 78 is a potential at a connection point of the common 
resistor 82 and the emitter terminal of the comparison transistor 
78 . 
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[0034] The reference-value transistor 80 supplies a 

reference potential to the emitter terminal of the comparison 
transistor 78 the collector terminal of which is electrically 
connected to the base terminal of the reference-value transistor 
80. That is, different potential value is supplied to the 
comparison transistor 78 in a state where the transistor 78 is 
on from where it is in off state. 

[0035] The reference-value transistor 80 is connected to 

the circuit resistor 114 via the second reference resistor 74 
at its collector terminal and is connected to the ground potential 
via the common resistor 82 at its emitter terminal . In the second 
reference resistor 74, a predetermined application voltage is 
given to one end while the other end is electrically connected 
to the collector terminal of the reference-value transistor 80, 
the gate terminal of the light-source controlling transistor 
110 and the gate. terminal of the capacitor controlling transistor 
56. The second reference resistor 74 has a smaller resistance 
value than the first reference resistor 72, 

[0036] When the reference-value transistor 80 was turned 

off, this causes no current to flow from the second reference 
resistor 74 tot he common resistor 82 , thereby a potential between 
the second reference resistor 74 and the collector terminal of 
the reference-value transistor 80 goes up. Thus, the capacitor 
controlling transistor 56 and the light-source controlling 
transistor 110 are turned on so as to supply power to the light 
source unit 30. 

[0037] When the capacitor controlling transistor 56 has 

been turned on, the capacitor 58 is discharged as described above . 
In a case where the potential difference between the potential 
at the other end of the capacitor 58 and the reference potential 
is smaller than the threshold of the comparison transistor 78, 
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the comparison transistor 78 is turned off. In this case, the 
reference-value transistor 80 is turned on and the light-source 
controlling transistor 110 and capacitor controlling transistor 
56 are turned off, because the collector potential of the 
comparison transistor 78 increases. By repeating the above 
operation, it is possible to perform chopper control for the 
power to be supplied to the light source unit 30 so as to reduce 
that power, thereby reducing the amount of light emission of 
the light source unit 30. 

[0038] The reference potential given to the comparison 

transistor 78 is determined by a dividing ratio by which by the 
first reference resistor 72 and the common resistor 82divides 
the voltage defined by the Zener diode 112 in a case where the 
comparison transistor 78 is on, while being determined by a 
dividing ratio by which the second reference resistor 74 and 
the common resistor 82 divides the voltage defined by the Zener 
diode 112 in a case where the comparison transistor 78 is off. 
Since the resistance value of the second reference resistor 74 
is smaller than that of the first reference resistor 72, the 
reference voltage given in the case where the comparison 
transistor 78 is on is lower than that given in the case where 
the comparison transistor 78 is off. That is, the reference 
potential in a case where the capacitor 58 has been discharged 
is lower than that in a case where the capacitor 58 has been 
charged. Thus, the saw-tooth wave generation unit 50 can 
generate a saw-tooth wave where the charging and discharging 
are switched at a predetermined timing. In other words, the 
vehicular lamp 10 can turn on and off the light source unit 30 
at a predetermined duty ratio. 

[0039] Next, operations of the respective components in 

a case where the vehicular lamp serves as the stop lamp, that 
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is, a case where the switch 64 is on are described. The diode 
44 receives the power-supply voltage generated by the power 
supply 200 and supplies it to the light source unit 30 via the 
light-source resistor 116. 

[0040] The diode 46 receives the power-supply voltage 

generated by the power supply 200 via the switch 64 and applies 
a discharge-suppressing voltage based on the power-supply 
voltage to the other end of the capacitor 58 via the resistor 
48 and the diode 68. That is, the diode 68 applies the 
discharge-suppressing voltage to the other end of the capacitor 
58 so as to suppress the discharge of the capacitor 58, thereby 
stopping the generation of the saw-tooth wave in the saw-tooth 
wave generation unit 50. Even when the capacitor 58 has been 
charged and the capacitor controlling transistor 56 has been 
turned on, the capacitor 58 is not discharged because the 
discharge- suppressing voltage is always applied to the capacitor 
58. Thus, it is possible to keep the light-source controlling 
transistor 110 on. By keeping the light-source controlling 
transistor 100 on, the power having the duty ratio of 100% is 
supplied to the light source unit 30, and therefore the light 
source unit 30 emits light brighter than in a case where the 
vehicular lamp 10 serves as the taillight. Moreover, the diode 
66 is provided in order to prevent a voltage at the connection 
point between the resistor 48 and the diode 68 from going up 
to the voltage defined by the Zener diode 112 or higher in a 
case where an excess voltage such as load dump surge is applied 
to the vehicular lamp 10. Thus, it is possible to prevent 
breakdown of the components such as the capacitor 58, by voltage . 
[0041] According to the vehicular lamp 10 in this example, 

it is possible to operate the vehicular lamp 10 as two types 
of lamp that are different in brightness of emitted light, i.e.. 
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the taillight and stop lamp by simple circuit structure. For 
example, it is possible to reduce the number of the resistors 
connected in series with the light source unit 30. Moreover, 
it is possible to generate the saw-tooth wave by simple circuit 
structure and perform chopper control by controlling the gate 
terminals of the transistor for generating the saw-tooth wave 
and the transistor for controlling the light source in common. 
Furthermore, according to the vehicular lamp 10 in this example, 
irrespective of the number of the light sources 32 connected 
in parallel in the light source unit 30, it is possible to light 
the light source unit 30 by a common lighting circuit, thus 
providing the improved versatility. 

[0042] Fig. 2A and Fig. 2B show exemplary operations in 

a case where the vehicular lamp 10 described referring to Fig. 
1 serves as the taillight. Fig. 2A shows an exemplary operation 
when the power supply 200 generates a voltage of 13 V as the 
power-supply voltage . 

[0043] As described above, the light-source controlling 

transistor 110 is off during a period in which the capacitor 
58 is charged, and the supplied current to the light source unit 
30 is approximately zero. On the other hand, the light-source 
controlling transistor 110 is on during a period in which the 
capacitor 58 is discharged, and the supplied current in 
accordance with the power-supply voltage is supplied to the light 
source unit 30. 

[004 4] Fig. 2B shows an exemplary operation when the power 

supply 200 generates a voltage of 18 V as the power-supply voltage . 
Also in this example, the supplied current to the light source 
unit 30 is approximately zero during the period in which the 
capacitor 58 is charged, whereas the supplied current in 
accordance with the power-supply voltage is supplied to the light 
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source unit 30 during the period in which the capacitor 58 is 
discharged. In this example, the supplied current increases 
because the power-supply voltage supplied is higher than that 
in the example shown in Fig. 2A. Moreover, as shown in Figs. 
2A and 2B, the duty ratio of the supplied current is not changed 
by the power-supply voltage. That is, when the power-supply 
voltage increases, the supplied current also increases. 
[0045] Fig. 3 shows another exemplary structure of the 

vehicular lamp 10. In Fig. 3, the components labeled with the 
same reference numerals as those in Fig . 1 have the same or similar 
functions and structures as/to those described referring to Fig . 
1. 

[0046] In a case where the vehicular lamp 10 serves as the 

taillight , the vehicular lamp 10 supplies power for which chopper 
control has been performed to the light source unit 30, by a 
similar operation to that in the example of Fig. 1. In this 
example, the saw-tooth wave generation unit 50 further includes : 
a resistor 86 connected between the resistor 114 and the charging 
resistor 52 in series; a diode 88 provided between the resistor 
86 and the capacitor 58 so as to be in parallel to the charging 
resistor 52 and the charging/discharging resistor 54; a resistor 
108 provided between the capacitor 58 and the gate terminal of 
the comparison transistor 78 ; and a resistor 118 provided between 
a point between the resistor 108 and the gate terminal of the 
comparison transistor 78 and the ground potential so as to be 
in parallel to the capacitor 58. The capacitor 58 is charged 
via the resistor 86 and the diode 88. To the gate terminal of 
the comparison transistor 78, a voltage obtained by dividing 
the charged voltage of the capacitor 58 by the resistors 108 
and 118. 

[0047] The capacitor 58 is discharged via a transistor 122 
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described later, the charging resistor 52 and the capacitor 
controlling transistor 56. The capacitor controlling 
transistor 56 and the light-source controlling transistor 110 
repeatedly go on and off in accordance with the charged voltage 
of the capacitor 58^ like the vehicular lamp 10 described 
referring to Fig. 1, thereby supplying the power at a 
predetermined duty ratio to the light source unit 30 . Moreover, 
since the amount of discharge of the capacitor 58 is reduced 
via the resistors 108 and 118, the resistors 108 and 118 have 
larger resistance values than that of the charging resistor 52. 
[0048] In a case where the vehicular lamp 10 serves as the 

stop lamp, the capacitor 58 is charged via the resistor 48, the 
diode 34, the resistor 84 and the diode 88. The diode 34 and 
the resistor 84 are provided between the resistor 48 and the 
charging resistor 52 in series. In a case where the capacitor 
58 has been charged and the capacitor controlling transistor 
56 has been turned on, the current supplied to the capacitor 
58 is bypassed to the ground potential via the capacitor 
controlling transistor 56. Therefore, the capacitor 58 is 
discharged via the charging/discharging resistor 54, the 
charging resistor 52 and the capacitor controlling transistor 
56, so that the power for which chopper control has been performed 
is supplied to the light source unit 30, as in the case of the 
taillight. 

[0049] Please note that the power having the larger duty 

ratio can be supplied to the light source unit 30 by making the 
sum of the resistance values of the charging resistor 52 and 
the charging/discharging resistor 54 larger than the resistance 
value of the resistor 84. In this example, by setting the sum 
of the resistance values of the charging resistor 52 and the 
charging/discharging resistor 54 to a value about 20-40 times 
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the resistance value of the resistor 84, the power having the 
duty ratio of approximately 100% can be supplied to the light 
source unit 30. Moreover, in order to reduce the duty ratio 
in a case of the taillight, it is preferable that the resistance 
value of the charging resistor 52 be smaller than that of the 
charging/discharging resistor 54. 

[0050] The vehicular lamp 10 in this example includes a 

protection circuit 90 in addition to the structure of the 
vehicular lam 10 described referring to Fig. 1. As described 
above, the mode switching unit 40 receives the power-supply 
voltage generatedby the power supply 200 as its input and supplies 
a supplied voltage in accordance with the input voltage to the 
light source unit 30. In the stop lamp mode of the vehicular 
lamp 10 where the vehicular lamp 10 serves as the stop lamp, 
the protection circuit 90 makes the capacitor 58 generate a 
saw-tooth wave having a shorter discharge time in a case where 
the mode switching unit 40 received the input voltage higher 
than a predetermined voltage, thereby controlling the power to 
be supplied to the light source unit 30. In this example, the 
protection circuit 90 can make the capacitor 58 generate the 
saw-tooth wave having the shorter discharge time by increasing 
the discharge rate of the capacitor 58. 

[0051] The protection circuit 90 includes a Zener diode 

94, a transistor 98, a transistor 102 and a transistor 122. The 
Zener diode 94 is connected at its cathode to a cathode of the 
diode 4 6*. The transistor 98 is connected to an anode of the 
Zener diode 94 at collector and base terminals thereof, while 
being connected to the ground potential via a resistor at an 
emitter terminal thereof. The transistor 98 is turned on in 
a case where the input voltage higher than a threshold voltage 
of the Zener diode 94 in the reverse direction is applied to 
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the Zener diode 94 via the diode 4 6, so that a current in accordance 
with the input voltage flows from the power supply 200 to the 
ground potential via the resistors 92 and 96. 
[0052] The transistor 102 is provided to form a mirror 

circuit with respect to the transistor 98 and allows a current 
in accordance with an emitter current of the transistor 98 to 
flow to the ground potential. A collector terminal of the 
transistor 102 is connected to the other end of the capacitor 
58 and therefore the capacitor 58 is discharged in accordance 
with the current flowing in the mirror circuit. Thus, the 
discharge rate of the capacitor 58 increases and the power to 
be supplied to the light source unit 30 is reduced. Moreover, 
the capacitor 58 is discharged at a rate in accordance with the 
current in the mirror circuit, that is, the input voltage. In 
other words, the capacitor 58 is discharged more rapidly when 
the input voltage is higher, thus further reducing the power 
to be supplied to the light source unit 30. 

[0053] The resistor 106 of the protection circuit 90 is 

provided between the resistor 48 and the ground potential to 
be in parallel to the resistor 84, the charging resistor 52, 
the charging/discharging resistor 54 and the capacitor 58 . The 
resistor 106 is connected to the resistor 48 via the diode 68 
for preventing a reverse current. A base terminal of the 
transistor 122 is connected between the diode 68 and the resistor 
106 via the diode 120. An emitter terminal of the transistor 
122 is connected between the charging resistor 52 and the 
charging/discharging resistor 54, while a collector terminal 
thereof is connected to the collector terminal of the transistor 
102 and the other end of the capacitor 58. 

[0054] In a case where the vehicular lamp 10 serves as the 

taillight, no current flows through the resistor 106. Thus, 
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the transistor 122 is turned on. In a case where the vehicular 
lamp 10 serves as the stop lamp, a current flows in the resistor 
106 and therefore the transistor 122 is turned off. In this 
manner, it is possible to make a path of the discharge of the 
capacitor 58 different between the taillight mode and the stop 
lamp mode of the vehicular lamp 10 as described above, thus 
changing the discharge rate. 

[0055] According to the vehicular lamp 10 in this example, 

in a case where a large input voltage is given, the power to 
be supplied to the light source unit 30 can be reduced so as 
to protect the light source unit 30. Moreover, since the power 
to be supplied to the light source unit 30 can be limited, the 
resistance value of the light-source resistor 116 for defining 
the current to be supplied to the light source unit 30 can be 
made smaller. Thus, the amount of heat generated in the 
light-source resistor 116 and it is therefore possible to allow 
the vehicular lamp 10 to operate precisely. 

[0056] Figs. 4A and 4B show examples of the operation of 

the vehicular lamp 10 described referring to Fig. 3 in a case 
where the vehicular lamp 10 operates as the stop lamp. The 
operation of the vehicular lamp 10 in a case of the taillight 
is similar to that described referring to Figs . 2 A and 2B . Fig . 
4A shows an exemplary operation of the vehicular lamp 10 in a 
case of the stop lamp when the power supply 200 generates a voltage 
of 13 V as a standard power-supply voltage. In this case, the 
vehicular lamp 10 supplies the power having the duty ratio of 
approximately 100% to the light source unit 30. 
[0057] Fig. 4B shows an exemplary operation when the power 

supply 200 generates a voltage of 18 V as the power-supply voltage . 
When the power-supply voltage becomes higher, the maximum value 
of the supplied current increases . However, since the duty ratio 
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of the supplied current is reduced as described above, the power 
consumed by the light source unit 30 can be kept approximately 
constant. In other words, according to the vehicular lamp 10 
in this example, the power consumption can be kept approximately 
constant for various power supplies. Since the vehicular lamp 
10 in this example can be used for various power supplies, it 
is excellent in versatility. 

[0058] As is apparent from the above, according to the 

present invention, a vehicular lamp can be provided that can 
operate as two types of lamp that are different in brightness, 
such as a taillight and a stop lamp, by simple circuit structure. 
[0059] Although the present invention has been described 

by way of exemplary embodiments, it should be understood that 
those skilled in the art might make many changes and substitutions 
without departing from the spirit and the scope of the present 
invention which is defined only by the appended claims. 



